Active controls for ride smoothing by Conner, D. W. & Thompson, G. O.
4 
ACTIVE CONTROLS FOR RIDE SMOOTHING 
D . William Conner  
NASA Langley Research  Center  
and 
Glenn 0. Thompson 
The Boeing Company,  Wichita Division 
INTRODUCTION 
Active controls technology of fers  great promise f o r  s ignif icant ly  
smoothing the r ide ,  and thus improving public and a i r  car r ie r  acceptance, of 
cer ta in  types of transport a i r c ra f t .  
promise will be presented i n  the following three pertinent areas: 
Recent findings which support this 
1. 
2. 
3. 
Ride quality versus degree of t raveler  sat isfact ion 
Significant findings from a f eas ib i l i t y  study of a r ide  
smoothing system 
Potential  r ide problems ident i f ied f o r  several advanced transport 
concepts 
RIDE QUALITY AND TRAVELER SATISFACTION 
Aircraft  Motion Characteristics 
Large differences i n  ride smoothness can ex is t  fo r  transport a i r c ra f t  as 
i l l u s t r a t e d  i n  figure 1, where levels  of ver t ica l  acceleration are  presented 
fo r  three vehicles as a function of percent time that acceleration levels  are 
exceeded. 
measurements obtained i n  the passenger compartment about every 2 minutes 
between takeoff and landing during many f l i gh t s  onboard scheduled passenger 
service i n  the eastern seaboard region of the United States.  
For airplane C,  data from which averaged values were obtained are much 
more l imited,  but are considered representative of cruise f l i gh t  conditions 
fo r  present-day large j e t  transports.  
several factors  for  the a i r c ra f t  believed t o  influence the leve ls  of ve r t i ca l  
response. Acceleration leve ls  for  airplane C are  favorably minimized by 
high wing loading, by wing sweep, by low t a i l  volume coefficient,  and by high 
cruise a l t i tude .  For the  two smaller a i r c ra f t  which have somewhat similar 
properties, the  ve r t i ca l  acceleration levels  fo r  airplane B are s ignif icant ly  
lower than for  airplane A ,  probably because of the higher cruise a l t i tude  of 
these studies. 
presented i n  figure 1 i n  terms of passenger sat isfact ion.  
can be established fo r  application of active controls t o  ride smoothing, 
information i s  needed concerning the influence of ride quality on t rave ler  
acceptance and use of vehicles. 
The data shown fo r  airplanes A and B a re  averaged values of 
Table I l is ts  approximate values of 
The question arises as t o  how t o  in te rpre t  data such as 
Before design goals 
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Comfort Factors and Criteria 
Subjec t ive  response t o  motion has been s tudied  i n  some d e t a i l  t o  e s t a b l i s h  
tolerance-limit  cr i ter ia  (e.g., a b i l i t y  t o  perform a s p e c i f i c  task  under adverse 
environmental conditions,  exposure-time l i m i t  allowable i n  a high-vibration 
environment, e t c . ) .  
magnitude motions, meaningful information is l imi t ed  and cri teria are not  w e l l  
e s tab l i shed .  To f i l l  a need i n  t h i s  area, NASA has under way considerable 
research concerning r i d e  q u a l i t y  and t r a v e l e r  s a t i s f a c t i o n .  The e f f o r t  described 
i n  re ference  1 involves both f i e l d  measurements t o  i d e n t i f y  important f a c t o r s  
(e.g., motion, v ib ra t ion ,  e t c . )  and t o  develop approximate criteria, and 
labora tory  and research a i r c r a f t  experiments under c lose ly  cont ro l led  conditions 
t o  e s t a b l i s h  a good understanding of a l l  f a c t o r s  involved. 
measurement e f f o r t  has been ca r r i ed  out  as p a r t  of a t r a v e l e r  acceptance study 
by the  University of Vi rg in ia  under.NASA grant.  The study with some of t he  
findings is decribed i n  re ference  2 .  Information from t h a t  p a r t  of t h e  study 
which addresses motion environment and passenger response w i l l  be used i n  the  
next few f igures  t o  i l l u s t r a t e  how evaluation can be made of the  r i d e  qua l i ty .  
The study a l so  provided the  da t a  f o r  f i g u r e  1. 
I n  t h e  area of the  r i d e  comfort, which involves much lower 
Much of t h e  f i e l d  
During f l i g h t s  on a i r  c a r r i e r s  and research a i r c r a f t ,  simultaneous 
recordings w e r e  made of reac t ions  of test sub jec t s  as w e l l  as of a i r c r a f t  motion 
environment i n  a l l  s i x  degrees of freedom. Correlation of extensive d a t a  from 
a number of d i f f e r e n c t  a i r c r a f t  ind ica ted  t h a t  r i d e  comfort, whi le  influenced 
by many f a c t o r s ,  is p a r t i c u l a r l y  a f f ec t ed  by v e r t i c a l  and la teral  acce lera t ions .  
Based on j u s t  these  two f a c t o r s ,  i n i t i a l  c r i t e r i a  have been developed of 
passenger r i d e  comfort response. 
Lines of approximately equal comfort r a t i n g  are shown as a function of lateral  
and v e r t i c a l  acce le ra t ion .  
employed with terms ranging from Very Comfortable t o  Very Uncomfortable. T e s t  
sub jec t s  w e r e  about t w i c e  as s e n s i t i v e  t o  lateral  acce lera t ions  as t o  vertical  
acce lera t ions .  I n  f i g u r e  3,  acce le ra t ion  values measured onboard airpZane A 
are superimposed on the  same scale. Of a t o t a l  of 409 po in t s ,  25 poin ts ,  which 
correspond t o  6 percent,  l i e  i n  the  zone between Very Uncomfortable and 
Uncomfortable. An add i t iona l  46 percent f a l l s  i n  the  region between Uncomfort- 
ab le  and Neutral. Thus, more than one-half t h e  t i m e ,  passengers could be 
expected t o  rate the  r i d e  as s i g n i f i c a n t l y  less than Comfortable. Ride r a t i n g ,  
however, does not  t e l l  t h e  t7hOk s to ry .  I n  surveys of passengers made a t  t h e  
end of t r i p s ,  many passengers ind ica ted ,  even a f t e r  a r i d e  r a t ed  as Uncomfort- 
ab le ,  wi l l ingness  t o  repeat t h e  same t r i p .  Figure 4 presents  these  r e s u l t s  
expressed as t h e  v a r i a t i o n  i n  o v e r a l l  t r i p  r i d e  comfort r a t i n g  with percent of 
passengers s a t i s f i e d .  For t h i s  f i gu re ,  the  word " sa t i s f i ed"  is defined as 
will ingness expressed by the  passenger t o  buy another t i c k e t  on the  same 
a i r c r a f t  and t o  experience the  same r ide .  As would be expected, passenger 
s a t i s f a c t i o n  decreases s u b s t a n t i a l l y  as t h e  r i d e  becomes progressively less 
comfortable, u n t i l  only 25 percent w e r e  s a t i s f i e d  f o r  a r i d e  r a t ed  as Very 
Uncomfortable. Thus, passenger s a t i s f a c t i o n  can be  r e l a t e d  t o  r i d e  comfort, 
which i n  tu rn  can be r e l a t e d  t o  the  v e r t i c a l  and la teral  acce le ra t ion  
environment . 
These c r i t e r i a  are presented i n  f i g u r e  2. 
A f ive-unit  desc r ip t ive  s c a l e  of comfort r a t i n g  w a s  
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Sat i s  f act  ion Assessment of Aircraft  
Figure 5 presents estimated t rave ler  sa t i s fac t ion  character is t ics  derived 
from ve r t i ca l  and lateral acceleration data fo r  the three a i r c ra f t  discussed 
previously. Satisfaction i s  expressed i n  terms of percent t rave lers  sattisfied 
as a flulction of f l i gh t  t i m e  percentile ranked by ride smoothness, with t he  
smoothest periods of f l i gh t  occurring at 0 percentile,  and the roughest periods 
at 100 percentile.  
point out tha t  about 5 percent of a l l  t ravelers  w i l l  not be satisfied i n  
riding an a i r c ra f t  no matter how smooth the ride may be. 
airplane C,  which i s  considered t o  have excellent ride character is t ics  when 
cruising i n  smooth air ,  is  shown t o  be sat isfactory under the best of conditions 
t o  only 95 percent of all t ravelers .  For t h i s  a i r c ra f t ,  the ride quality 
continues t o  be quite favorable t o  the 90-percentile t i m e  point where about 
90 percent of a l l  t rave lers  would be sa t i s f ied .  
be sat isfactory t o  only 50 percent of all t rave lers  at  the 90-percentile time 
point and t o  s l i gh t ly  less than 80 percent of all t ravelers  at the 50-percentile 
t i m e  point. While the trends indicated are considered significant,, a note of 
caution needs t o  be inter jected concerning the s implis t ic  approach used t o  
estimate t rave ler  sat isfact ion.  Actually, there are a number of factors  other 
than ve r t i ca l  and lateral acceleration known t o  influence ride qual i ty  t o  some 
degree. 
maneuvers, visual cues, cabin temperature, and seat s ize .  A s  more is  learned 
i n  studies concerning these factors ,  the  approach ju s t  described for  estimating 
sat isfact ion can be refined t o  provide more precise evaluations. 
The t e r m  “traveler” is  used rather  than “passenger“ t o  
For t h i s  reason, 
In contrast ,  airplane A would 
Examples include disturbances i n  ro l l ing  motion, terminal-area 
Considerations for  Application of Ride-Smoothing System 
The trends shown i n  figure 5 indicate t h a t ,  i n  terms of t rave ler  
sat isfact ion,  the re la t ive  improvement possible by addition of an active- 
control system would be more modest for  airplane C than for  e i ther  airplane 
or B. In addition t o  information as shown above, a decision t o  incorporate a 
ride-smoothing system in to  an a i r c ra f t  involves a number of other considerations. 
Questions such as the following three are examples: 
A 
What is  the ride-environment conditioning of the passengers who 
w i l l  be using the  a i r c ra f t ?  For residents i n  undeveloped regions, 
t he  r ide  of a DHC-6 could be a big improvement over the ride of an 
off-road mode of transportation, while  for  residents of a metropolitan 
area, seasoned by smooth rides on long-range, heavy a i r c ra f t ,  equally 
good r ides  could be expected of smaller short-haul a i r c ra f t  used by 
the connecting feeder l ines .  
W i l l  increase i n  revenue from additional t rave lers  gained by 
r ide  smoothing of fse t  t he  increased costs of t h e  active-control 
system? 
i f  any, additional business by ride smoothing, whereas air  ca r r i e r s  
serving high-density markets may generate considerable extra revenue 
by a t t rac t ing  customers from competitors whose a i r c ra f t  have a 
poorer ride. 
Carriers serving low-density markets may generate l i t t l e ,  
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Is the re  a publ ic  r e spons ib i l i t y  t o  make the  r i d e  acceptable t o  
t h e  greatest poss ib l e  number of t r ave le r s?  Perhaps c a r r i e r s  
se rv ing  t h e  pub l i c  should be obliged t o  conform t o  minimum 
comfort standards as w e l l  as t o  requirements concerning s a f e t y  
o r  t o  t h e  amount of s e r v i c e  given c i t i e s  on t h e i r  rou te  s t r u c t u r e .  
Answers t o  t h e  above questions w i l l  depend t o  a s i g n i f i c a n t  degree on de ta i l ed  
information on t h e  active-control systems required f o r  r i d e  smoothing. 
RIDE-SMOOTIIING SYSTEM FEASIBILITY STUDY 
Concurrent with sub jec t ive  s tud ie s  of r i d e  q u a l i t y ,  a f e a s i b i l i t y  study 
w a s  ca r r i ed  out  of an active-control system f o r  t he  de Havil1and"DHC-6 a i r c r a f t  
f o r  NASA by t h e  Wichita Division of The B6eing Company a s s i s t e d  by de Havilland 
A i r c r a f t  of Canada, Limited. The objec t ive  w a s  t o  examine the  f e a s i b i l i t y  of 
developing and c e r t i f i c a t i n g  a ride-smoothing-control system f o r  a t y p i c a l  
s m a l l  feeder l i n e  a i r c r a f t  known t o  have a r i d e  environment not  equal t o  t h a t  
found on l a r g e r ,  high-wing-loading j e t  t ranspor t s .  
study not only because i t  has a low wing loading and is  oftentimes operated 
extensively i n  low-altitude turbulence,  but a l s o  because i t  is the  only STOL 
vehic le  present ly  c e r t i f i c a t e d  and extensively used by a i r  carriers i n  t h i s  
country. Its capab i l i t y  t o  car ry  out steep-angle climbouts and descents and 
t o  perform short-radius,  terminal-area maneuvers makes s u i t a b l e  the  study of 
ride-quality s i t u a t i o n s  reasonably t y p i c a l  of those which may be encountered 
by subsequent advanced STOL/RTOL t ranspor t s .  An example appl ica t ion  of t h i s  
na tu re  is the  Canadian STOL Demonstration Program between O t t a w a  and Montreal, 
where modified DHC-6 a i r c r a f t  are being used t o  ob ta in  passenger acceptance 
da ta  as w e l l  as t o  study and r e f i n e  systems operations i n  advance of in t ro-  
duction of the new and l a r g e r  DHC-7 STOL t r anspor t  a i r c r a f t  now being b u i l t  
f o r  such serv ice .  
The DHC-6 w a s  s e l ec t ed  f o r  
Description of System Studied 
Quite a b i t  of information having general  app l i ca t ion  t o  ride-smoothing 
Highlights of t h i s  general  
Inves t iga t ion  of a c t i v e  cont ro ls  w a s  
systems w a s  obtained from the  f e a s i b i l i t y  study. 
information w i l l  be presented here in ;  d e t a i l e d  desc r ip t ion  of t he  study and 
f ind ings  are presented i n  reference 3.  
l imi t ed  t o  only v e r t i c a l  and lateral  r i d e  smoothing, as preliminary study 
ind ica ted  response t o  turbulence t o  be acceptably low f o r  the o ther  degrees of 
freedom. 
f i g u r e  6 and inc lude  por t ions  of t h e  e x i s t i n g  a i l e rons ,  e l eva to r s ,  and rudder 
as w e l l  as all-new s p o i l e r s .  Consideration of add i t iona l  sur faces  could not  
be accommodated wi th in  the  scope of t he  study. Ride con t ro l  of each degree of 
freedom w a s  t r e a t e d  independently. Simplified block diagrams showing feedback 
loops are presented i n  f i g u r e  7 f o r  t he  v e r t i c a l  cont ro l  system and i n  f igu re  8 
f o r  t he  lateral con t ro l  system. Details such as t r a n s f e r  functions are not 
shown. System e f fec t iveness  t7as determined as reduction of acce le ra t ion  
response t o  a random turbulence i n t e n s i t y  wi th  an exceedance p robab i l i t y  
The aerodynamic sur faces  considered i n  t h e  system are shown i n  
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of 0.01 which w a s  es tab l i shed  as a gust ve loc i ty  of 2.1 meters per second 
(rms) f o r  t he  design f l i g h t  conditions. 
Ride-Control Effectiveness 
I n  the  area of e f f ec t iveness ,  t he  most important f ind ing  w a s  t h e  require- 
ment f o r  r e l a t i v e l y  l a r g e  d i r e c t - l i f t  and direct-side-force su r faces  loca ted  
near t he  a i r p l a n e  center  of gravity.  
s i g n i f i c a n t  reductions i n  v e r t i c a l  acce le ra t ion  response were obtained w i t h  
wing f l a p s  r e t r a c t e d  during both climb and c r u i s e  conditions. The e leva tor  
sur faces  contributed only a modest amountto t h i s  reduction. For t h e  landing 
approach condition, new s p o i l e r s  had t o  be employed t o  even achieve t h e  less- 
than-adequate reductions shown. Design techniques need t o  be  developedifor 
i n t e g r a t i n g  l a rge ,  d i r e c t - l i f t  sur faces  f o r  r i d e  smoothing i n t o  wing-flap 
systems. Use of rudder su r faces  f o r  reducing lateral response w a s  somewhat 
e f f e c t i v e  i n  t h e  a f t  s e c t i o n  of t he  passenger cabin, but w a s  i n e f f e c t i v e  ahead 
of the cabin midpoint. E f f i c i e n t  (high side-force/drag) d i r e c t  side-force 
sur face  configurations need t o  be provided a t  a fore-and-aft l oca t ion  near  
t h e  a i rp l ane  center  of grav i ty .  Some technology f o r  such sur faces  w a s  generated 
i n  the  development of t he  General Purpose Airbarne Simulator (GPAS) and t h e  
Tota l  In-Flight Simulator (TIFS) research a i r c r a f t .  
A s  shown by the  bar cha r t s  of f i g u r e  9 ,  
Airc ra f t  S t a b i l i t y ,  Control, and Handling Qua l i t i e s  
I n  t h i s  area, a ride-smoothing system can be  designed which is  s a t i s f a c t o r y .  
Considerable a t t e n t i o n  must be given, however, t o  various p o t e n t i a l  problems 
i n  order t h a t  t he  system be t a i l o r e d  t o  minimize adverse e f f e c t s .  I n  t h e  
f e a s i b i l i t y  study, problems which had t o  be resolved involved the  a i r c r a f t  low- 
frequency long i tud ina l  mode, the very-low-frequency phugoid mode, t he  Dutch-roll 
mode, and t h e  l a t e r a l - d i r e c t i o n a l  s p i r a l  mode. A d e t a i l e d  con t ro l  system 
synthes is  and performance ana lys i s  i s  required t o  examine various t r ade  o f f s .  
During t h e  study, problems a l s o  had t o  be  resolved i n  a i r c r a f t  handling q u a l i t i e s  
such as one where adding t h e  active-control system caused a loss of e f fec t iveness  
of the e l eva to r  t o  r e l a t i v e l y  sharp inputs.  I n  t h i s  case, s a t i s f a c t o r y  short-  
period handling q u a l i t y  w a s  achieved by introducing a crossfeed s i g n a l  t o  the  
system t o  i n i t i a l l y  cancel t he  ride-control s i g n a l  which opposed t h e  acce lera t ion ,  
and then t o  wash out at  the  s a m e  rate as the  ride-control s igna l .  U s e  of 
ground based simulators i s  appropr ia te  t o  study and he lp  reso lve  handling 
problems. 
R e l i a b i l i t y  and Safe ty  
N o  major problems i n  r e l i a b i l i t y  are an t i c ipa t ed  f o r  t he  ride-smoothing 
system. Since use of t h e  system is  not c r i t i ca l  t o  t h e  w e l l  being of t h e  
a i r c r a f t ,  t h e  system can be  deactivated i f  malfunctions occur. The main 
concern involves t r a n s i e n t  problems which could arise a t  the  t i m e  of any 
malfunction. 
aerodynamic su r face  used i n  t h e  active-control system. 
The worst problem envisioned would be hard-over de f l ec t ion  of an 
I f  s u f f i c i e n t  au tho r i ty  
is  provided by t h e  a i r c r a f t  con t ro l  system t o  con t ro l  veh ic l e  motions’caused 
by such a de f l ec t ion ,  s a f e t y  can be  maintained. Such au tho r i ty  would be  a 
reasonable requirement f o r  s y s t e m c e r t i f i c a t i o n .  A f a i l - s o f t  design con t ro l  
system, such as devised i n  the f e a s i b i l i t y  s tudy ,  can a l s o  be  incorporated f o r  
add i t iona l  pro tec t ion .  
channels wi th  two s t ages  of monitoring between channels f o r  f a i l u r e  de tec t ion .  
An unfavorable comparison of channel signals would switch o f f  t he  r i d e  
con t ro l  s igna l s .  
The p a r t i c u l a r  system s tud ied  contained dual  s i g n a l  
System Components 
Ride-smoothing hardware requirements are not  considered t o  tax t h e  p re sen t  
state of technology. Appropriate sensors ,  e l e c t r o n i c  elements,  servosubsystems, 
and ac tua to r s  are i n  production. The s i z e  and capac i t i e s  of these  components 
are not  necessa r i ly  matched t o  d e t a i l e d  requirements,  and modif icat ions of 
e x i s t i n g  designs may be required t o  obta in  appropr ia te ly  t a i l o r e d  articles. 
Aerodynamic requirements do r equ i r e  innovat ion,  as discussed earlier,  t o  
develop configurat ions t o  e f f i c i e n t l y  produce aerodynamic forces  through t h e  
cen te r  of g rav i ty  i n  both v e r t i c a l  and la teral  d i r ec t ions .  
Weight, Power, and Volume Requirements 
Weight and power demands of a ride-smoothing system should not  s e r ious ly  
burden t h e  a i r c r a f t .  Findings of the  f e a s i b i l i t y  s tudy ind ica t ed  the  t o t a l  
add i t iona l  weight would amount t o  less than 2 percent  of t h e  a i r c r a f t  gross 
weight. Addit ional  power requirements of t h e  system would amount t o  no more 
than 0.3 percent  of t he  a i r c r a f t  t o t a l  engine power. Requirements f o r  l a r g e r  
a i r c r a f t  would not  be  expected t o  exceed these  percentage values.  
s m a l l  add i t iona l  volume is  needed, bu t  volume requirements i n  l o c a l  regions 
near  aerodynamic con t ro l  su r f aces  may r equ i r e  s p e c i a l  considerat ion,  p a r t i c u l a r l y  
i f  an e x i s t i n g  a i r c r a f t  is being r e t r o f i t t e d  wi th  a ride-smoothing system. 
Only a 
System Costs 
Cost information i s  lacking  because no d e t a i l e d  cos t  ana lys i s  has been 
ca r r i ed  out .  Based on t h e  f ind ings  presented above, system development and 
c e r t i f i c a t i o n  w i l l  r equ i r e  considerable  e f f o r t  which w i l l  be  somewhat inde- 
pendent of a i r c r a f t  s i z e .  Where the  system is incorporated i n t o  the  i n i t i a l  
design of an all-new a i r c r a f t ,  the  additional-_costs - _ _ -  est imated f o r  t he  system 
design through prototype f l i g h t  t-ests-and c e r t i f i c a t i o n  could range from 2 t o  
5 percent  of t he  t o t a l  cos ts .  The add i t iona l  cos t  would be  expected t o  be 
higher  i f  a system were t o  be  designed and r e t r o f i t t e d  i n t o  an e x i s t i n g  
vehicle .  These h igher  cos t s  r e s u l t  because of the  p robab i l i t y  of s i g n i f i c a n t  
modif icat ion,  r e q u a l i f i c a t i o n ,  and r e t e s t i n g  of e x i s t i n g  systems and s t r u c t u r e s .  
Estimated production cos t s  f o r  the  system i n  terms of a i r c r a f t  production cos t  
could range from about 1 percent  f o r  l a r g e  jumbo t r anspor t s  t o  as much as 
4 o r  5 percent  f o r  very s m a l l  t ranspor t s .  Ride smoothing may be  included as a 
f e a t u r e  of a multipurpose ac t ive-cont ro l  system which performs o t h e r  func t ions  
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as w e l l ,  such as gust-load a l l e v i a t i o n .  Design and checkout of an appropr ia te  
multipurpose system would r equ i r e  considerable  e f f o r t ,  poss ib ly  g r e a t e r  than 
t h e  sum of e f f o r t s  requi red  f o r  i nd iv idua l  systems. 
Maintenance and Repair 
Spec i f i c  maintenance information is l a c k i n g  u n t i l  a ride-smoothing system 
is put  i n t o  se rv i ce .  
a c lose ly  r e l a t e d  ac t ive-cont ro l ,  fa t igue-reduct ion system, descr ibed i n  
re ference  4 ,  which w a s  appl ied  t o  t h e  United States Air Force B-52G and B-52H 
f l e e t  of 280 a i r c r a f t .  For t h i s  appl ica t ion ,  system performance and maintenance 
experience has been exce l l en t  and w e l l  wi th in  gu ide l ine  l i m i t s .  
ac t ive-cont ro l ,  ride-smoothing system is  e s s e n t i a l l y  a s ta te-of- the-ar t  system 
competit ive wi th  con t ro l  systems used on modern t r anspor t  a i r c r a f t ,  maintenance 
should be s imilar  t o  t h a t  required f o r  cur ren t  con t ro l  systems. 
Considerable experience has  been obtained,  however, on 
S ince  an 
T i m e  Required f o r  System Implementation 
L i t t l e ,  i f  any, a d d i t i o n a l  t i m e  would be needed i f  the  dec is ion  t o  proceed 
i s  made a t  t he  beginning of an all-new a i r c r a f t  p r o j e c t ,  For r e t r o f i t  of a 
ride-smoothing system i n t o  an e x i s t i n g  a i r c r a f t ,  the  t o t a l  t i m e  required i s  
est imated t o  range between 2 and 3 years .  
POTENTIAL RIDE PROBLEMS FOR ADVANCED TRANSPORT CONCEPTS 
A number of advanced t r anspor t  concepts are i n  var ious s t a g e s  of technology 
development. S u f f i c i e n t  information is present ly  a v a i l a b l e  t o  i d e n t i f y  
p o t e n t i a l  problems i n  r i d e  q u a l i t y  f o r  some of t hese  concepts. Since only a 
q u a l i t a t i v e  assessment can b e  made of each problem, the exact  r o l e  t o  be 
played by ride-smoothing systems cannot be  exac t ly  defined a t  t h i s  t i m e .  A 
desc r ip t ion  of p o t e n t i a l  problems is  given f o r  s i x  veh ic l e  concepts. 
Large, Low-Wing-Loading A i r c r a f t  
One a t t r a c t i v e  concept, descr ibed i n  re ference  5, f o r  achieving STOL/RTOL 
capah i l i t y  i n  t r anspor t s  f o r  mediun- t o  high-density market short-haul use,  
involves the  combination of low-wing-loading, mechanical-flap configurat ions 
wi th  an ac t ive-cont ro l ,  gust-load a l l e v i a t i o n  system t o  minimize s t r u c t u r a l  
weight. 
gus ts  can be  expected t o  produce a r i d e  which is less than s a t i s f a c t o r y .  U s e  
of an act ive-control  system w i l l  probably be requi red  not only f o r  gust-load 
a l l e v i a t i o n ,  bu t  f o r  r i d e  smoothing as w e l l .  
Because of t h e  r e l a t i v e l y  l a r g e  wing area, response t o  v e r t i c a l  
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Powered-Lift A i r c r a f t  
Powered-lif t  concepts, which involve i n t e r n a l l y  o r  ex te rna l ly  blown f l a p s ,  
can produce usable  maximum-lift c o e f f i c i e n t s  of two t o  t h r e e  t i m e s  those f o r  
cur ren t  t r a n s p o r t s  as descr ibed i n  references 6 and 7. Such h i g h - l i f t  
c a p a b i l i t y  i s  a t t r a c t i v e  f o r  providing STOL/RTOL performance wi th  high-wing- 
loading t r anspor t s .  For such configurat ions,  engine-out con t ro l  requirements 
w i l l  probably d i c t a t e  the need f o r  a r e l a t i v e l y  l a r g e  v e r t i c a l  t a i l  su r face ,  
U s e  of a l a r g e  t a i l  introduces a p o t e n t i a l  problem of uncomfortably l a r g e  
responses of t he  passenger compartment t o  lateral  gusts .  U s e  of an act ive-  
con t ro l  system t o  reduce this  la teral  response is  an t i c ipa t ed .  
Terminally Configured Vehicles 
Technology is  being developed i n  the  form of  advanced d isp lay  guidance 
and con t ro l  systems toge ther  with new f l i g h t  paths  and opera t ing  techniques 
which can be appl ied t o  advanced a i r c r a f t  s p e c i f i c a l l y  configured t o  more 
e f f i c i e n t l y  use the  a i r space  i n  terminal  areas and, thus ,  he lp  r e l i e v e  a i r s i d e  
t r a f f i c  congestion ( r e f .  3 ) .  The f l i g h t  maneuver techniques are an t i c ipa t ed  
t o  involve r e l a t i v e l y  t i g h t  t u rns  and abrupt dece lera t ions  which could introduce 
r ide-qual i ty  problems, p a r t i c u l a r l y  i f  aggravated by o s c i l l a t i n g  motions of t he  
a i r c r a f t  due t o  a i r  turbulence.  I n  order  t h a t  t he  maximum degree of planned 
f l i g h t  maneuvers can be u t i l i z e d ,  use of ac t ive-cont ro l  systems may be  required 
t o  minimize the  random motion environment. 
Supersonic A i r c r a f t  
The need t o  achieve e f f i c i e n t  operat ions i n  supersonic-cruise f l i g h t  leads  
t o  a conf igura t ion  requirement f o r  long, s l ende r ,  and r e l a t i v e l y  l imber fuse- 
l a g e  configurat ions.  U s e  of such configurat ions is  a n t i c i p a t e d  t o  in t roduce  
problems of motion response i n  t h e  passenger compartment t o  a e r o e l a s t i c  inputs  
during hi$h-speed descent from c ru i se  a l t i t u d e ,  and t o  runway roughness inputs  
during taxi, take-off,  and landing ro l lou t .  The magnitude of motion responses 
w i l l  depend on t h e  fuse lage  s t r u c t u r a l  dynamic c h a r a c t e r i s t i c s  and can be  
expected t o  vary considerably down the  length  of t he  passenger compartment. 
Problems may be of s u f f i c i e n t  magnitude t o  warrant use of ac t ive-cont ro l  
systems t o  minimize motion. Solu t ion  t o  problems could lead  t o  the  need f o r  
a system of somewhat unconventional design. 
C i v i l  Hel icopters  
S i g n i f i c a n t  e f f o r t  is  being d i r ec t ed  toward providing advanced technology 
f o r  l a r g e  c i v i l  h e l i c o p t e r  t r anspor t s  s u i t a b l e  f o r  short-haul operat ions.  
Based on experience wi th  l a r g e  m i l i t a r y  veh ic l e s ,  r ide-qual i ty  problems can be  
an t i c ipa t ed  from o s c i l l a t i n g  aerodynamic inpu t s  assoc ia ted  wi th  the  r o t a t i n g  
blades.  These inpu t s  r e s u l t  i n  v e r t i c a l  and lateral  responses a t  d i s c r e t e  
f requencies  of t h e  passenger compartment. The need f o r  an ac t ive-cont ro l ,  
rotor-feedback system t o  reduce responses is ant ic ipa ted .  
CONCLUDING REMARKS 
A review has been given of t he  p o t e n t i a l  use of active-control systems 
t r anspor t  a i r c r a f t  have been i l l u s t r a t e d ,  and a technique has been 
f o r  r i d e  smoothing. Subs tan t i a l  d i f fe rences  i n  r i d e  q u a l i t y  which can exist 
between 
described f o r  assess ing  these  d i f fe rences  and t h e  need f o r  r i d e  smoothing i n  
terms of traveler s a t i s f a c t i o n .  Results from a r i d e  smoothing f e a s i b i l i t y  
study have been used t o  provide a generalized assessment of active-control 
systems f o r  t h i s  purpose. 
r e l i a b i l i t y ,  main ta inabi l i ty ,  and cos t s ,  i nd ica t e s  t h a t  no major t echn ica l  
problems e x i s t  and t h a t  s i g n i f i c a n t  r i d e  smoothing can be achieved wi th in  
the  present s ta te  of t he  a r t .  
t r anspor t  concepts t o  i d e n t i f y  p o t e n t i a l  r ide-quality problems and poss ib l e  
requirements f o r  a c t i v e  controls.  The next major s t e p  ind ica ted  f o r  advancing 
r i d e  smoothing technology is system appl ica t ion ,  demonstration, and evaluation 
f o r  an a i r c r a f t  i n  regular  s e rv i ce .  
The assessment, which includes e f f ec t iveness ,  
Evaluation has been made of s i x  advanced 
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